As part of a study to elucidate the physiological function of such free N-glycans for the growth and development of plant cells, we purified and characterized several endo--N-acetylglucosaminidases (endoglycosidase) [5] [6] [7] [8] and glycoamidase, 9) which are involved in the production of such free N-glycans during plant cell development. Our detailed analysis of the substrate specificity showed that the plant endoglycosidase was highly active towards the high-mannose type N-glycans bearing the Man1-2Man1-3Man1-structure unit. [5] [6] [7] [8] Furthermore, we found that the plant endoglycosidase resides in the cytosol near the ER and the resulting free Nglycans accumulate in the cytosol. 5) If such free Nglycans play as one of the signaling molecules during plant cell development or growth, it is reasonable to assume that -mannosidase(s) are involved in the turnover of the putative bioactive oligosaccharides.
Concerning the plant -mannosidase, many acidicmannosidases have been purified and characterized from seeds and fruits. [9] [10] [11] [12] [13] [14] From the viewpoint of the physiological function of -mannosidase in plant cells, these plant enzymes, which consist of two heterogenous subunits, have been considered to be involved in the degradation of N-glycosylated proteins in the vacuole or protein body, but not in the processing of N-glycans in the ER or Golgi apparatus. These plant -mannosidases require zinc or calcium ions for their activity and have optimum pH in the acidic region. They appear to be comparable to certain lysosomal -mannosidases in animal cells.
Oku et al. 15, 16) have purified a neutral -mannosidase, which was activated by cobalt ions and had optimum pH in the neutral region, from the Japanese quail oviduct. The animal -mannosidase prefers the high-mannose type oligosaccharides (Man 9{5 GlcNAc 1 ) produced by endoglycosidase rather than the high-mannose type N-glycans (Man 9{5 GlcNAc 2 ) produced by peptide: N-* This work was supported in part by grants from the Ministry of Education, Culture, Sports, Science and Technology of Japan (Basic Research (B), no. 11556062, [1999] [2000] [2001] [2002] . y To whom correspondence should be addressed. Fax: +81-86-251-8388; E-mail: yosh8mar@cc.okayama-u.ac.jp Abbreviations: MES, 2-morpholinoethanesulfonic acid; HEPES, 2-[4-(2-hydroxyethyl)-1-piperazinyl] propanesulfonic acid; 1-dMM, 1-deoxymannojirymycin; PA, pyridylamino; M5A, Man1-
0 , Man1-6(Man1-3)Man1-6(Man1-2Man1-3)Man1-4GlcNAc-PA; SF-HPLC, size-fractionation HPLC; Con A, concanavalin A glycanase (glycoamidase). Based on such enzymatic properties, they concluded that animal -mannosidase resides in the cytosol and is involved in degradation or turnover of high-mannose type free N-glycans having one GlcNAc, which are produced by a cytosolic endo--N-acetylglucosaminidase. 15, 16) On the other hand, no plant -mannosidase, which takes charge of the turnover of free N-glycans produced by endo--N-acetylglucosaminidase or glycoamidase in the plant cytosol, has been reported so far. Therefore, we started to purify and characterize such plant -mannosidase. In this report, we describe the purification and characterization of an -mannosidase from Ginkgo biloba seeds, which is activated by cobalt ions and hydrolyzes pyridylaminated high-mannose type N-glycan having one GlcNAc residue (Man 6 GlcNAc 1 -PA) significantly faster than pyridylaminated high-mannose type N-glycan having two GlcNAc residues (Man 6 GlcNAc 2 -PA). Since we had already purified and characterized the Ginkgo endo--Nacetylglucosaminidase and found the structural features of free N-glycans in the developing seeds in our previous reports, 3, 8) we used Ginkgo biloba seeds for the purification of -mannosidase.
Materials and Methods
Materials. Mature seeds of Ginkgo biloba were collected on the campus of the Faculty of Agriculture of Okayama University. A Cosmosil 5C18-AR column (0:60 Â 25 cm) was purchased from Nacalai Tesque, Inc. (Kyoto, Japan). An Asahipak NH2P-50 column (0:46 Â 25 cm) and a Shodex IEC QA-825 column were purchased from Showa Denko Co. (Tokyo, Japan). QSepharose and Sephadex G75 were from Amersham Pharmacia Biotech AB (Upsala, Sweden). Butyl-Toyopearl and TSK-Gel G3000SWXL (7:8 mm Â 30 cm) was purchased from Tosoh Co. (Tokyo, Japan). p-Nitrophenyl -D-mannopyranoside (PNP--man), swainsonine, and 1-deoxymqnnojirimycin were obtained from SIGMA Chemical Co. (St. Louis, MO, U.S.A). M6B 0 and M5A 0 were purified from developing Ginkgo biloba seeds or developing soybean hypocotyls. 3, 4) Assay system of -mannosidase activity. Assay method for p-nitrophenyl--mannoside (PNP--Man)). -Mannosidase activity was measured using PNP--Man as a synthetic substrate. The enzyme solution (10 l) was added to 100 l of PNP--Man solution (5 mM) in 0.5 M sodium acetate buffer, pH 4.0. After incubation at 37 C for 30 min, the reaction was stopped by adding 1 ml of 1 M Glycine-NaOH, pH 10.5 solution. The released of p-nitrophenol was measured by the absorbance of 420 nm. One unit of enzyme activity was defined as the amount of the enzyme releasing 1 mol of p-nitrophenol per min at 37 C. Assay method for pyridylaminated N-glycans. The enzyme preparation was incubated in an incubation mixture (60 l) containing about 55$60 pmol PA-sugar chains (Man 6 GlcNAc 2 -PA (M6B), Man 6 GlcNAc 1 -PA (M6B 0 ), Man 5 GlcNAc 1 -PA(M5A 0 )), 0.5 M sodium acetate buffer (pH 5.0), and 1$5 mM CoCl 2 at 37 C for various times. For the enzyme assay with PA-sugar chains, a pH 5.0 buffer, instead of a pH 4.0 buffer, was used, since we found that the optimum pH of the Ginkgo -mannosidase toward PA-sugar chains was about 5.0, as described below. The enzyme reaction was stopped by boiling the reaction mixtures for 3 min. After centrifugation, an aliquot (10 l) of the reaction mixture was analyzed by SF-HPLC as described in our previous paper. 3, 4) In this report, we sometimes used Man 5 GlcNAc 1 -PA (M5A 0 ) as a substrate during enzyme purification and characterization, since this PA-sugar chain cannot be a substrate for the contaminative endo--N-acetylglucosaminidase (endo-GB 8) ) or -1,2-mannnosidase activities.
Purification of -mannosidase. The purification steps were done at 4 C. During purification, PNP--Man was mainly used as a substrate for -mannosidase. Protein concentration was measured by measurements of light absorption at 280 nm with bovine serum albumin (BSA) as the standard.
Step 1. Preparation of crude -mannosidase. The seeds of Ginkgo biloba (1.2 kg) were homogenized in acetone and the resulting defatted powder (320 g) was suspended in 2.5 liter of 50 mM Tris-HCl buffer, pH 7.8, containing 0.5 M NaCl and left at 4 C overnight. The mixture was then squeezed through a twice-folded gauze and centrifuged at 8,000 rpm for 30 min. The supernatant was saturated with 100% ammonium sulfate. Precipitate was collected after centrifugation and dissolved in 25 mM Tris-HCl buffer, pH 7.8. The soluble fraction was collected as crude -mannosidase.
Step 2. Q-Sepharose anion exchange column chromatography. Crude -mannosidase was dialyzed against 25 mM Tris-HCl buffer, pH 7.8, and loaded onto a QSepharose column (2:5 Â 45 cm) equilibrated with the same buffer. The absorbed -mannosidase activity was eluted by a linear gradient of NaCl from 0 M to 0.3 M in the same buffer. Fractions of 7 ml were pooled. Themannosidase fractions were pooled and saturated with ammonium sulfate.
Step 3. Butyl-Toyopearl column chromatography. Precipitate obtained from Step 2 was dissolved in 25 mM Tris-HCl buffer, pH 7.8, and dialyzed against the same buffer. Solid ammonium sulfate was added to 1.5 M as a final concentration. The resulting enzyme solution was loaded onto a Butyl-Toyopearl Column (2:5 Â 45 cm) equilibrated with 25 mM Tris-HCl buffer, pH 7.8, with 1 M ammonium sulfate. After the column was washed with the same buffer, the -mannosidase was eluted with a linear gradient (2.0-0 M) of ammonium sulfate in the same buffer. The active fraction was 100% saturated with ammonium sulfate.
Step 4. Gel filtration through a Sephadex G-75 column. The precipitate obtained in Step 3 was dis-solved in a small amount of 25 mM Tris-HCl buffer, pH 7.8, containing 0.1 M NaCl, and dialyzed against the same buffer. After centrifugation, the supernatant was put on a Sephadex G-75 column (6:0 Â 130 cm) equilibrated with 25 mM Tris-HCl buffer, pH 7.5, containing 0.1 M NaCl, and developed with the same buffer. The active fraction was pooled and concentrated in an Amicon Centriprep-30.
Step 5. QA-HPLC. The Ginkgo -mannosidase was further purified with a Jasco 880-PU HPLC apparatus with a Jasco Intelligent UV/VIS detector (870 UV) and the Shodex IEC QA-825 column (0:8 Â 7:5 cm). The concentrated -mannosidase fraction obtained in Step 4 was dialyzed against 20 mM Tris-HCl buffer, pH 8.5. After centrifugation, the resulting dialysate was put on the anion exchange column equilibrated with 20 mM Tris-HCl buffer, pH 8.5. The absorbed -mannosidase activity was eluted by a linear gradient of NaCl from 0 to 0.5 M in the same buffer at a flow rate of 1.0 ml/min.
Step 6. Gel filtration through TSK-Gel G3000SWXL. Final purification of the enzyme was done with a Jasco 880-PU HPLC apparatus with a Jasco Intelligent UV/ VIS detector (870 UV) and the TSK-Gel G3000SWXL column (0:78 Â 60 cm). The enzyme fraction obtained in Step 5 was dialyzed against 25 mM MOPS buffer, pH 7.0, containing 0.2 M NaCl and concentrated in an Amicon Centriprep-30. The enzyme solution was loaded onto the column equilibrated with 25 mM MOPS bufffer, pH 7.0, containing 0.2 M NaCl. The column was developed with the same buffer.
SDS-PAGE, Lectin-blotting, and immunoblotting of purified Ginkgo -mannosidase. SDS-PAGE was performed by the method of Laemmli 17) on a 7.5% acrylamide gel in 0.1 M Tris-glycine buffer using a slab gel system. The gel was stained with Coomassie Brilliant Blue R-250. The protein molecular weight markers used were Myosin (212 kDa), 2-macroglobulin (170 kDa), -galactosidase (116 kDa), transferrin (76 kDa), and glutamic dehydrogenase (53 kDa). The proteins on the gel were transferred to a PVDF membrane for 30 min at 120 mA on Horize-blot (AE-6675 P/N, Atto Co.) using 0.1 M Tris-glycine containing 5% methanol (pH 8.8) as transfer buffer. Membranes were then probed with an antiserum that reacts with the plant complex type N-glycan by the method described in previous papers, 18, 19) or Con A coupled with horseradish peroxidase by the method of Faye and Chrispeels. 20) For detection of glycoproteins conjugated with antiserum specific for plant complex type N-glycans, we used goat anti-rabbit IgG coupled to horseradish peroxidase and 4-chloro-1-naphtol (Immuno-Blot Assay Kit, Bio-Rad) according to the manufacturer's protocol.
Effects of pH on -mannosidase activity. The optimum pH of the enzyme was examined after incubation with 
Results
Purification of Ginkgo -mannosidase -Mannosidase activities were routinely monitored with two substrates (PNP--Man and M6B). A summary of the purification results is show in Table 1 . After QSepharose of the crude enzyme solution, -mannosidase activity was detected at the fractions eluted by approximately 0.1 M NaCl (indicated by a horizontal bar, Fig. 1 ). These fractions were pooled and further separated by Butyl-Toyopearl hydrophobic interaction chromatography (Fig. 2) . The -mannosidase activity was recovered in the run-through fraction as indicated by a horizontal bar. The Ginkgo -mannosidase activity was further purified by Sephadex G75 gel filtration (Fig. 3) . The active fractions indicated by a bar in Fig. 3 were pooled and concentrated for further purification. The partially purified Ginkgo -mannosidase was further purified by QA-HPLC, as shown in Fig. 4 . One main peak and several smaller peaks were observed on the chromatogram. -Mannosidase activity was detected in the main peak as indicated by a bar, which was eluted between 0.09 and 0.1 M NaCl. Since SDS-PAGE analysis of the -mannosidase fraction showed some minor bands in addition to a main protein band (data not shown), the -mannosidase was finally purified by gel filtration with a column of TSK G300SWXL. The main peak contained both PNP--Man and Man6GlcNAc2-PA hydrolyzing activity (data not shown). This fraction was collected as Ginkgo -mannosidase and used for further characterization of the enzyme.
Characterization of purified Ginkgo -mannosidase
The purity of -mannosidase was analyzed by SDS-PAGE (7.5% gel) with or without the presence of 2-mercaptoethanol (Fig. 5) . In the presence and absence of 2-mercaptoethanol, a single band corresponding to 120 kDa was observed, suggesting that this -mannosidase has no intermolecular disulfide bond. On the other hand, gel-filtration on the TSK G3000 SWXL column PNP--Man was used as substrate. One unit of enzyme activity was defined as the amount of the enzyme releasing 1 mol of p-nitrophenol per min at 37 C. Fig. 2 . Butyl-Toyopearl Chromatography of Ginkgo -Mannosidase Fraction Obtained in Fig. 1 . The -mannosidase activities were assayed using PNP--Man as a substrate. The -mannosidase fractions indicated by a bar were pooled and saturated with ammonium sulfate. ---, protein elution (A 280 nm ); ÁÁÁÁÁÁÁÁÁ, enzyme activity (A 420 nm ); -----, (NH 4 ) 2 SO 4 concentration (M). Crude enzyme solution was loaded on a QA-Sepharose column (2:5 Â 45 cm) equilibrated with 25 mM Tris-HCl buffer, pH 7.8, and the column was washed with the same buffer. The absorbed -mannosidase activity was eluted by a linear gradient of NaCl from 0 M to 0.3 M in the same buffer. 7 ml fractions were collected, and the -mannosidase activities were assayed using PNP--Man. The -mannosidase fractions indicated by a bar were pooled and saturated with ammonium sulfate. ---, protein elution (A 280 nm ); ÁÁÁÁÁÁÁÁÁ, enzyme activity (A 420 nm ); -----, NaCl concentration (M). The -mannosidase fractions indicated by a bar were pooled and concentrated by centrifugation using an Amicon Centriprep-30. ---, protein elution (A 280 nm ); ÁÁÁÁÁÁÁÁÁ, enzyme activity (A 420 nm ). Fig. 3 .
Fig. 4. QA-HPLC Profile of Ginkgo -Mannosidase Fraction Obtained in
The -mannosidase fractions indicated by a bar were pooled and concentrated by centrifugation using the Amicon Centriprep-30. [A] The proteins were separated by SDS-PAGE using a 7.5% gel and stained with Coomassie brilliant blue. M, molecular marker proteins: 1, with 2-mercaptoethanol; 2, without 2-mercaptoethanol.
[B] Determination of subunit molecular weight of the Ginkgo -mannosidase. 1, Myosin (212 kDa); 2, 2-macroglobulin (170 kDa); 3, -galactosidase (116 kDa); 4, transferrin (76 kDa); 5, glutamic dehydrogenase (53 kDa). gel showed that the molecular weight in the native state is 340 kDa (Fig. 6) , suggesting that Ginkgo -mannosidase might consist of three homologous subunits in the native state. As shown in Fig. 7 , the purifiedmannosidase was recognized by both Con A (Panel [B] ) and the anti-plant complex type N-glycans antibody (Panel [C]), indicating that the Ginkgo enzyme is Nglycosylated. Although the sugar chain(s) linked to the enzyme were recognized by Con A, the mobility ofmannosidase did not show any changes even after Endo-H digestion (Lane 2 and 3), suggesting that the Nglycans linked to this enzyme were resistant to Endo-H digestion. Considering the binding specificity of Con A and the antiserum together with the substrate specificity of Endo-H, the structure of N-glycan could be deduced as a biantennary plant complex type N-glycan such as GlcNAc 2 Man 3 Xyl 1 Fuc 1 GlcNAc 2 .
21)
Effect of pH on Ginkgo -mannosidase As shown in Fig. 8 , when -mannosidase was incubated with Man 5 GlcNAc 1 -PA as a substrate in various pH buffers, the enzyme showed maximum activity around pH 5.0. Although the activity was markedly diminished at neutral pH, it was retained at pH lower than 5. Therefore, the -mannosidase might reside and function in the weak acidic region of plant cell.
Effect of divalent metal ions on Ginkgo -mannosidase
When the purified Ginkgo -mannosidase was incubated with M5A 0 in the presence of various divalent metal ions, activity was significantly enhanced by Co 2þ (Fig. 9[A] and [B] ). As shown in Fig. 9 [B], Ca 2þ slightly increased the activity, but Zn 2þ , Mn 2þ did not show any significant effect on it. On the contrary, Cu 2þ completely inhibited the enzyme activity. Although Ginkgo -mannosidase was significantly activated by the addition of Co 2þ , EDTA showed a slight inhibition (26%) (Fig. 9[B] ), suggesting that the divalent ion is not essential for enzyme activity but may regulate it.
Effect of -mannosidase inhibitors
When the purified Ginkgo -mannosidase was incubated with M5A 0 in the presence of cobalt ions (1 mM) and two -mannosidase inhibitors (swainsonine (0.5 mM) and 1-deoxymannnojirimycin (0.5 mM)), swainsonine almost completely inhibited the enzyme activity (98% inhibition), but 1-deoxymannnojirimycin did not have a significant effect on the activity.
Activity of -mannosidase towards Man 6 GlcNAc 2 -PA (M6B) and Man 6 GlcNAc 1 -PA (M6B 0 ) The reactivity of Ginkgo -mannosidase towards Man 6 GlcNAc 2 -PA (M6B) and Man 6 GlcNAc 1 -PA (M6B 0 ) was studied in the presence of Co 2þ (Fig. 10) . The hydrolysis rate of -mannosidase for M6B 0 was significantly faster than that for M6B. The results clearly indicated that -mannosidase was in the favor of the oligomannose type sugar chain with only a single GlcNAc at the reducing end side, which has been found in developing hypocotyls, seeds, or fruits. [1] [2] [3] [4] [5] [21] [22] [23] This substrate specificity suggested that this -mannosidase is Ginkgo -Mannosidase. The proteins were separated by SDS-PAGE using a 7.5% gel. Immunoblot and lectinblot analyses were performed using an anti-(plant complex type N-glycan) antibody 18, 19) and Con A-HRP.
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Panel A, Coomassie-stained SDS gel. Panel B, Con A blotting. Panel C, Immunoblotting with an anti-(plant complex type Nglycan) antibody. Lane 1, the purified enzyme was treated with 1% 2-mercaptoethanol and 0.1% SDS before SDS-PAGE; Lane 2, the enzyme was treated with 0.1% SDS and Endo-H (50 mU) at 37 C for 16 h before SDS-PAGE; Lane 3, the enzyme was treated with 1% 2-mercaptoethanol, 0.1% SDS, and Endo-H (50 mU) at 37 C for 16 h before SDS-PAGE. After preincubation of Ginkgo -mannosidase purified with metal ions (1 mM) or 1.5 mM EDTA in MES buffer (pH 6.0) at 37 C for 1 h, Man5GlcNAc1-PA was added and further incubated for 2 h. Enzymatic activity was measured by SF-HPLC. Enzyme activity (hydrolysis (%)) was calculated as described in the legend to Fig. 8 . For calculation of the relative rate of hydrolysis, the activity of the control sample was taken to be 1.00. Km value for pNP--Man and N-terminal amino acid sequence of Ginkgo -mannosidase
The N-terminal amino acid sequence of the purified Ginkgo -mannosidase was Ala-Phe-Met-Lys-Tyr-X-Thr-Thr-Gly-Gly-Pro-Val-Ala-Gly-Lys-Ile-AsnVal-His-Leu-, in which X might be a glycosylated Asn.
A similarity search using the FASTA system of the DNA Data Bank of Japan (DDBJ) showed that no protein having similar sequences with the N-terminal sequences has been registered so far. However, a BLAST search indicated that the N-terminal sequence of the Ginkgo enzyme showed a significant homology with a deduced amino acid sequence of a putative rice -mannosidase (Ala-Phe-Ser-Gly-Tyr-Asn-Thr-SerAla-Gly-Val-Ala-Gly-Lys-Leu-Asn-Val-His-Leu-), suggesting that this putative rice -mannosidase might be the same Co(II)-sensitive -mannosidase. The Km value for PNP--Man of the Ginkgo -mannosidase was 9.36 mM (Fig. 11) .
Discussion
A plant -mannosidase that is activated by Co 2þ was purified from Ginkgo biloba seeds, and some enzymatic properties, including substrate specificity, were analyzed. The molecular weight of the purified enzyme was about 120 kDa by SDS-PAGE in both reducing and nonreducing conditions. On the other hand, by gel-filtration, the enzyme showed a molecular weight of about 340 kDa, suggesting that this -mannosidase functions in an oligomeric structure consisting of homologous subunits. The optimum pH of the enzyme was around 5.0 with Man 5 GlcNAc 1 -PA as a substrate, suggesting that it is a kind of acidic glycosidases. The Ginkgomannosidase activity for Man 5 GlcNAc 1 -PA was significantly enhanced by Co 2þ but not by Zn 2þ or Ca 2þ , although it has been reported that Zn 2þ and Ca 2þ ions often activate some plant acidic -mannosidase [10] [11] [12] [13] [14] or some processing -mannosidase. 24, 25) Furthermore, the enzyme activity was not inhibited by the addition of EDTA. This result suggested that Co 2þ is not essential for hydrolytic activity itself but might enhance or regulate the enzyme activity during seed maturation or germination. In the presence of cobalt ions, Ginkgomannosidase was able to hydrolyze -mannoside linkages in Man 6 GlcNAc 1 -PA (M6A 0 ) and Man 6 GlcNAc 2 -PA (M6A), but M6A 0 was more susceptible tomannosidase activity than was M6A (Fig. 10) . When M6A was incubated with -mannosidase, the amounts of the two main products (Man 5 GlcNAc 2 -PA and Man 4 GlcNAc 2 -PA) were almost equal. On the other hand, when M6A 0 was incubated, the amount of the Man 4 GlcNAc 1 -PA produced was about one and a half times as much as that of the Man 5 GlcNAc 1 -PA produced, suggesting the possibility that Ginkgomannosidase may be more active for the oligomannose type N-glycan having only one GlcNAc residue. Oku et al. have purified a neutral -mannosidase activated by Co 2þ from the Japanese quail oviduct. 15, 16) This animal -mannosidase preferred the oligomannose type Nglycans bearing only one GlcNAc residue to those bearing the chitobiose unit. From these results, they proposed that this neutral -mannosidase can be related to the catabolism of the free N-glycans occurring in animal cells. 15, 16) On the other hand, there has not been any report showing whether plant cells contain suchmannosidase, which is activated by Co 2þ and prefers the oligomannose type N-glycans bearing only one GlcNAc residue as substrates. Furthermore, they found that neutral -mannosidase resides in the cytosol, and they postulated that the enzyme is involved in the degradation of free N-glycans occurring in the cytosol of animal cells. Haeuw et al., 26) Yamashiro et al., 27) and Kumano et al. 28) have reported other cytosolic -mannosidases from rat liver, hen oviduct, and bovine liver, respectively. Interestingly, these animal cytosolic -mannosidases as well as the Japanese quail enzyme were activated by cobalt ions and preferred the oligomannose type free N-glycans with only one GlcNAc residue. On the other hand, such cytosolic -mannosidase has not been reported from plant cells. To our knowledge, therefore, this is the first report showing the occurrence of such plant -mannosidase, activated or regulated by cobalt ions, although the localization of the Ginkgomannosidase purified in the present study remains unclear at present.
As a part of a study to elucidate the physiological function of such free N-glycans for the growth or development of plant cells, we have characterized the structures of free N-glycans occurring in developing plant cells, [1] [2] [3] [4] [5] which must be derived by endo--Nacetylglucosaminidase (endo--GlcNAc-ase) or glycoamidase. Furthermore, we have purified and characterized some plant endo--GlcNAc-ases and glycoamidase. [6] [7] [8] [9] As for the substrate specificity of the plant endo--GlcNAc-ases, we found that the plant endoglycosidases are very active toward oligomannose type Nglycans bearing the Man1-2Man1-3Man unit. In the present study, we found that such oligomannose type free N-glycans produced by plant endoglycosidase bearing one GlcNAc residue is a suitable substrate for Ginkgo -mannosidase, the activity of which is activated by cobalt ions. To discover the detailed biochemical properties and physiological role of the Co(II)-regulated -mannosidase found in this study, as well as plant endoglycosidase and glycoamidase, appears to be very significant for understanding the function of free Nglycans involved in plant cell development and growth. The detailed substrate specificity of the Ginkgomannosidase and hydrolysis pathway of the oligomannose type free N-glycans derived by the enzyme will be described in a subsequent paper.
